GOLF SHAFT , FORMING METHOD THEREFOR AND GOLF CLUB 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a golf shaft, a forming 
method therefor and a golf club. 

2. Description of the Related Art 

Generally speaking, a golf shaft is made by the filament 
winding method in which filaments as resin- impregnated 
high-strength high-elasticity fiber are wound on a mandrel 
and baked, or by the sheet winding method in which a prepreg 
as a sheet composed of such filaments aligned is wound on a 
mandrel and baked, so it has some degree of flexibility and 
a high rigidity. Also, when carbon fiber is used as 
high-strength, high-elasticity fiber, a lightweight golf 
shaft with a high strength can be produced. A golf club which 
uses this type of golf shaft is used by many users. 

Regarding a golf shaft using carbon fiber, the flexural 
rigidity (bending strength) , torsion strength, crushing 
strength and so on of a product (golf shaft) are considerably 
affected by the elasticity of the fiber used, the fiber's 
orientation with respect to the mandrel core (axis) , its 
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position along the length of the shaft or in the diametric 
direction and other factors. 

When a head and a grip are attached to a golf shaft to 
make a finished golf club, the golf shaft strength 
characteristics as mentioned above also largely influence the 
carry and ball direction. For this reason, efforts to develop 
a golf shaft which meets user needs have been actively 
conducted. 

Recently, in order to obtain a characteristic which 
cannot be achieved by carbon fiber only, many golf shafts 
which use a combination of carbon fiber and other materials 
have been developed: one example is that metal wires made of 
boron, titanium or a similar metal are arranged along the 
length of the shaft for the purpose of improving propagation 
of vibration upon impact and another is that metal wires are 
disposed as a reinforcement to a head mounting area with a 
smaller diameter and a low bending strength or torsion 
strength . 

On the other hand, as a recent trend, there has been 
growing demand for the use in a golf shaft of a special metallic 
color which produces an aesthetic design effect, so golf 
shafts whose surface is coated with a metallic paint or 
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metal-evaporated golf shafts are increasingly used. 

However, although a metallic color can be developed on 
the golf shaft surface by decoration techniques such as 
coating with metallic paints and evaporation , it does not give 
the shaft an appearance with a sense of depth or a 
three-dimensional touch. 

A metallic color can also be developed by densely 
aligning wires of titanium or other metal as mentioned above 
in a manner that they appear on the surface of a golf shaft. 
However, in that case, the weight is unavoidably increased 
and ideal strength characteristics are difficult to achieve. 

In a golf shaft, a layer closer to the outer layer more 
affects the bending strength. Usually metal wires have 
circular cross sections and, therefore, occupy a large 
proportion of the shaft thickness, so it is difficult to 
achieve ideal strength characteristics (particularly bending 
strength) in terms of a strength-to-weight ratio. 

Furthermore, in order to ensure visibility, the recent 
tendency is that metal wires are located in a layer nearer 
to the shaft surface than in an inner layer where metal wires 
were located previously. This means that many more metal 
wires have to be used than when metal wires were used in an 



inner layer. Besides, the weight of these metal wires is 
larger than carbon fiber. The result is an increase in the 
overall weight of the golf shaft. 

In addition, because metal wires have a poor adhesion 
and are easy to peel off, a larger volume of synthetic resin 
for bonding them must be used to prevent their peeling, 
leading to an increase in the overall weight of a golf shaft. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a golf 
shaft which features lightness, high crushing strength and 
high torsion strength without interlayer peeling and has an 
aesthetically excellent design that gives users a sense of 
depth, and a method for forming the same and a golf club using 
the same. 

In order to achieve the above-said object, the present 
invention employs technical means as described below. 

A golf shaft according to first aspect is produced by 
baking a plurality of fiber prepreg layers, wherein the shaft 
is a laminate composed of a main layer of high-strength 
high-elasticity fiber impregnated with resin; a metal wire 
layer laid over the main layer; and a low-elasticity fiber 



-4- 



layer, laid over the metal wire layer, impregnated with resin 
through which the underlying metal wire layer can be seen. 

A golf shaft according to second aspect is produced by 
baking a plurality of fiber prepreg layers, wherein the shaft 
is a laminate composed of a main layer of high-strength 
high-elasticity fiber impregnated with resin; a metal wire 
layer, laid over the main layer, having metal wires aligned 
bias or obliguely with respect to the axis (core) of the main 
layer; and a low-elasticity fiber layer, laid over the metal 
wire layer, impregnated with resin through which the 
underlying metal wire layer can be seen. 

A golf shaft according to third aspect is produced by 
baking a plurality of fiber prepreg layers, wherein the shaft 
is a laminate composed of a main layer of high-strength 
high-elasticity fiber impregnated with resin; a metal wire 
layer laid over the main layer; and a low-elasticity fiber 
layer, laid over the metal wire layer, impregnated with resin 
through which the underlying metal wire layer can be seen, 
the metal wire layer consisting of a first metal wire layer 
having metal wires spaced and aligned bias with respect to 
the axis of the main layer; a transparent layer, laid over 
the first metal wire layer, as a coating of transparent 



material with a given thickness; and a second metal wire layer, 
laid over the transparent layer, having metal wires spaced 
and aligned bias in the direction opposite to that of the first 
metal wire layer. 

A golf shaft according to fourth aspect is produced by 
baking a plurality of fiber prepreg layers, wherein the shaft 
is a laminate composed of a main layer of high-strength 
high-elasticity fiber impregnated with resin; a metal wire 
layer, laid over the main layer, having metal wires aligned 
bias with respect to the axis of the main layer; and a 
low-elasticity fiber layer, laid over the metal wire layer, 
impregnated with resin through which the underlying metal 
wire layer can be seen, the metal wire layer consisting of 
a first metal wire layer having metal wires spaced and aligned 
bias with respect to the axis of the main layer; a transparent 
layer, laid over the first metal wire layer, as a coating of 
transparent material with a given thickness; and a second 
metal wire layer, laid over the transparent layer, having 
metal wires spaced and aligned bias in the direction opposite 
to that of the first metal wire layer. 

A golf shaft according to fifth aspect is produced by 
baking a plurality of fiber prepreg layers, wherein the shaft 



is a laminate composed of a main layer of high-strength 
high-elasticity fiber impregnated with resin; a metal wire 
layer laid over the main layer; and a low-elasticity fiber 
layer, laid over the metal wire layer, impregnated with resin 
through which the underlying metal wire layer can be seen, 
the metal wire layer consisting of a first metal wire layer 
having flat metal wires spaced and aligned bias with respect 
to the axis of the main layer; a transparent layer, laid over 
the first metal wire layer, as a coating of transparent 
material with a given thickness; and a second metal wire layer, 
laid over the transparent layer, having flat metal wires 
spaced and aligned bias in the direction opposite to that of 
the first metal wire layer. 

A golf shaft according to sixth aspect is produced by 
baking a plurality of fiber prepreg layers, wherein the shaft 
is a laminate composed of a main layer of high-strength 
high-elasticity fiber impregnated with resin; a metal wire 
layer, laid over the main layer, having metal wires aligned 
bias with respect to the axis of the main layer; and a 
low-elasticity fiber layer, laid over the metal wire layer, 
impregnated with resin through which the underlying metal 
wire layer can be seen, the metal wire layer consisting of 



a first metal wire layer having flat metal wires spaced and 
aligned bias with respect to the axis of the main layer; a 
transparent layer, laid over the first metal wire layer, as 
a coating of transparent material with a given thickness; and 
a second metal wire layer, laid over the transparent layer, 
having flat metal wires spaced and aligned bias in the 
direction opposite to that of the first metal wire layer. 

As the prepreg used for the low-elasticity fiber layer 
in the golf shafts according to first to sixth aspects, glass 
fiber prepreg is recommended. 

As the thickness of the transparent layer in the golf 
shafts according to third to sixth aspects, a thickness from 
10 im to 100 im is suitable. 

As the prepreg used for the transparent layer in the 
golf shafts according to third to sixth aspects, glass fiber 
prepreg impregnated with resin having the same quality as the 
resin used in the main layer is recommended. 

It is recommended that the metal wires according to 
second aspect, fourth aspect and fifth aspect be spaced with 
a spacing which is 0 . 5 to 2 times as large as the wire width. 

Regarding the location of the metal wire layer 
according to first to sixth aspects, it is recommended that 
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it be located near to the grip area along the length of the 
golf shaft. 

The metal wire layer according to third to sixth aspects , 
which has a first metal wire layer and a second metal wire 
layer, may be located near to either the grip area or the head 
area along the length of the golf shaft. 

When the metal wire layer according to first aspect has 
flat metal wires aligned circumf erentially or 
perpendicularly to the axis of the main layer, it may be 
located near to either the grip area or head area along the 
length of the golf shaft. 

When the metal wire layer according to first aspect has 
flat metal wires aligned in parallel with the axis of the main 
layer, it may be located near to either the grip area or head 
area along the length of the golf shaft. 

A golf club according to the present invention uses the 
golf shaft according to first to 39th aspects, wherein a head 
is set on one end of the shaft and a grip covers the other 
end and the metal wire layer is located in the uncovered area 
between the head and grip. 

A method for forming a golf shaft according to the 
present invention comprises the following steps : a step of 
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making a main layer by winding resin- impregnated 
high-strength high-elasticity fiber around a tapered 
mandrel; a step of winding a first glass prepreg having metal 
wires aligned and bonded to it, around the larger diameter 
side of the main layer with the metal wires inside; and a step 
of winding a second glass prepreg, which has spaced and 
aligned flat metal wires bonded onto a glass fiber prepreg, 
around the first glass prepreg with the flat metal wires 
inside . 

Another such method comprises : a step of making a main 
layer by winding resin- impregnated high-strength 
high-elasticity fiber around a tapered mandrel; a step of 
winding a laminate sheet having aligned metal wires between 
a prepreg of the same material as the main layer and a glass 
fiber prepreg, around the larger diameter side of the main 
layer with the glass fiber prepreg outside; and a step of 
winding a second glass prepreg having spaced and aligned flat 
metal wires bonded onto a glass fiber prepreg, around the 
laminate sheet with the flat metal wires inside. 

A further such method comprises : a step of making a main 
layer by winding resin- impregnated high-strength 
high-elasticity fiber around a tapered mandrel; a step of 
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winding a laminate sheet having aligned metal wires between 
a prepreg of the same material as the main layer and a glass 
fiber prepreg, around the larger diameter side of the main 
layer with the glass fiber prepreg outside; and a step of 
winding a glass sheet having spaced and aligned flat metal 
wires between two glass fiber prepregs , around the prepreg 
laminate . 

Also, according to a shaft forming method in which after 
baking a fiber prepreg wound around a mandrel, the formed 
surface is ground to produce a fiber-reinforced shaft, a fiber 
prepreg with a different elasticity is partially placed as 
appropriate at least on the surface to be ground after baking; 
after baking, the whole surface of the formed shaft is 
uniformly ground to partially vary the flexural rigidity 
along the shaft. 

According to another shaft forming method in which 
after baking a fiber prepreg wound around a mandrel, the 
formed surface is ground to produce a fiber-reinforced shaft, 
a low-elasticity prepreg is partially placed over the 
high-elasticity fiber prepress as appropriate at least on the 
surface to be ground after baking; after baking, the whole 
surface of the formed shaft is uniformly ground to make the 
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area of the low-elasticity prepreg have a higher flexural 
rigidity than the other areas . 

According to a further shaft forming method in which 
after baking a fiber prepreg wound around a mandrel, the 
formed surface is ground to produce a fiber-reinforced shaft, 
a low-elasticity glass fiber prepreg is partially placed over 
the high-elasticity fiber prepress as appropriate at least 
on the surface to be ground after baking; after baking, the 
whole surface of the formed shaft is uniformly ground to make 
the area of the low-elasticity prepreg have a higher flexural 
rigidity than the other areas. 

When the forming method according to 26th aspect is used, 
it is desirable to have at least a metal fiber layer right 
under the above-said low-elasticity prepreg consisting of a 
glass fiber prepreg. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a golf club C according 
to the present invention including part of the golf shaft S 
used in the golf club C shown in enlarged form; 

Fig. 2 is an enlarged sectional view showing the part 
of the golf shaft S shown in Fig. 1 ; 
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Fig. 3 is a sectional view of another form of what is 
shown in Fig. 2 ; 

Fig. 4 shows an example of a process for forming a golf 
shaft according to the present invention; 

Figs. 5A and 5B are sectional views showing the 
structures of prepregs used in the forming process as shown 
in Fig. 4, where Fig. 5A shows the structure of the first glass 
prepreg and Fig. 5B that of the second glass prepreg; 

Fig. 6 shows another forming process; 

Fig. 7 is a sectional view showing another form of the 
first glass prepreg; 

Fig. 8 is a sectional view showing a shaft using the 
prepreg shown in Fig. 7; 

Fig. 9 shows another form of the prepregs shown in Figs. 
5A and 5B; 

Fig. 10 is a sectional view showing a shaft using the 
prepreg shown in Fig. 9; 

Fig. 11 shows another form of the forming process shown 
in Fig. 4; 

Fig. 12 shows another example of the part shown in 
enlarged form in Fig. 1; 

Fig. 13 shows another example of the part shown in 
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enlarged form in Fig. 1; 

Fig. 14 is a perspective view of the golf club C whose 
metal wire layer (aligned bias) is located near to the head; 

Fig. 15 is a perspective view of the golf club C whose 
metal wire layer (arranged circumf erentially) is located near 
to the grip; 

Fig. 16 is a perspective view of the golf club C whose 
metal wire layer (aligned circumf erentially) is located near 
to the head; 

Fig. 17 is a perspective view of the golf club C whose 
metal wire layer (aligned in parallel with the shaft axis) 
is located near to the head; and 

Fig. 18 illustrates the grinding process which takes 
place after baking. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Next, preferred embodiments of the present invention 
will be described in detail referring to the attached 
drawings . 

Fig. 1 shows a golf club C and, in enlarged form, part 
of the golf shaft S used in the golf club C according to one 
embodiment of the present invention. Fig. 2 is an enlarged 
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sectional view showing the part of the golf shaft S shown in 
Fig. 1. 

In this golf club C, a head H is set and bonded onto 
the smaller diameter end of a tapered golf shaft S and a grip 
G is fixed so as to cover an area away by a given distance 
from the larger diameter end. 

The golf shaft S used in this golf club C is a laminate 
composed of a main layer 1 of high-strength high-elasticity 
fiber mainly impregnated with resin; metal wire layers 2 and 
4 laid one upon the other over the main layer 1; and a 
low-elasticity fiber layer, laid over the metal wire layers, 
impregnated with resin through which the metal wire layers 
can be seen. 

Typical materials which can be used for the 
high- strength, high-elasticity fiber are carbon fiber and 
glass fiber; boron fiber, aramid fiber, PBO fiber, etc. are 
also partially used. The synthetic resin used here may be 
thermosetting resin such as epoxy resin, phenol resin or 
unsaturated polyester. 

In the golf shaft S according to the present invention, 
metal wires 6 and 7 are disposed in a given area on the main 
layer 1 in a manner that they can be seen from outside. 
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The metal wires 6 and 7 are disposed one upon another 
in the diametric direction of the golf shaft S, constituting 
at least a first metal wire layer 2 (under-layer) and a second 
metal wire layer 4 (over-layer) , respectively. 

There is a transparent layer 3 of transparent material 
between the first metal wire layer 2 and second metal wire 
layer 4 in a manner that the metal wire 6 (under-layer) can 
be seen from outside. 

A protective layer 5 of the same material as the 
transparent layer 3 lies in succession on the second metal 
wire layer 4 . 

This means that the transparent layer 3 with a given 
thickness covers the first metal wire layer 2 (under-layer) 
and the second metal layer 4 and the protective layer 5 lie 
on the transparent layer 3 . 

The metal wire layers 2 and 4 respectively consist of 
metal wires 6 and 7 aligned bias at an angle from 10 to 80 
degrees with respect to the shaft axis, wherein the first 
metal wire layer 2 and the second metal wire layer 4 are 
oriented oppositely to each other. 

Preferably the metal wires 7 used for the second metal 
wire layer 4 should be flat. These flat metal wires 7 can 
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be produced by flattening, for example, linear metal with a 
circular cross section using a rolling technigue or any other 
similar technigue. 

The flat metal wires 7 are evenly spaced with a 
prescribed spacing so that the underlying first metal wire 
layer 2 can be seen through spaces 9 between the wires. 

Materials for the metal wires 6 and 7 include titanium, 
aluminum, stainless steel and amorphous alloys; however, from 
the viewpoint of weight, strength and gloss (color) , titanium 
is most desirable. 

Transparent materials include synthetic resins such as 
transparent or translucent epoxy resin, and glass fiber 
impregnated with such resin. For a better adhesion with the 
main layer 1 or a better interlayer adhesion and prevention 
of interlayer peeling, it is desirable to use a synthetic 
resin of the same guality as the resin used for the main layer 
1 or glass fiber impregnated with such resin. 

In the golf shaft thus structured, since the flat metal 
wires 7 are used for the second metal wire layer 4, the visible 
surface area of the metal layer is larger and its occupied 
area in the diametric direction of the golf shaft S or its 
thickness is smaller. 
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Since the flat metal wires 7 can be bonded using a 
smaller amount of resin and are evenly spaced with a given 
spacing, the resin in the protective layer 5 melts and fuses 
with the resin in the transparent layer 3 through the spaces 
9 between the wires. This increases the adhesion of the 
second metal wire layer 4 and thereby prevents interlayer 
peeling. 

Furthermore, as shown in Fig. 3, it is acceptable to 
use flat metal wires 6 for the first metal wire layer 2 . In 
this case, the thickness of the first metal wire layer 2 is 
decreased, which implies not only more latitude in the 
diameter of the golf shaft S but also a reduction in the amount 
of resin used. 

The first metal wire layer 2 can be seen through the 
spaces 9 between the flat metal wires 7 , 7 of the second metal 
wire layer 4; the viewer can see a lattice pattern made up 
by the first metal wire layer 2 and second metal wire layer 
4 which are aligned in the opposite directions. Besides, the 
transparent layer 3, which lies between the first metal wire 
layer 2 and second metal wire layer 4, gives the viewer a sense 
of depth or produces a three-dimensional effect. 

The thicker the transparent layer 3 is, the larger the 
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three-dimensional effect is; however, a larger 
three-dimensional effect leads to an increase in the overall 
weight of the golf shaft S. In this sense, preferably the 
thickness should be from 10 im to 100 im. 

Preferably, for a better visibility of the first metal 
wire layer 2 and the flat metal wires 7, the space 9 between 
flat metal wires 7, 7 should be 0.5 to 2 times as large as 
the width of the metal wires. 

The metal wires 6 of the first metal wire layer 2 may 
be closely aligned with no spaces between them. However, it 
is also possible that like the flat metal wires 7, they are 
spaced with an appropriate spacing and the width 8 of the metal 
wires 6 and the spaces 9 between flat metal wires 7 are adjusted 
to create a complicated pattern as a combination of the main 
layer 1 and the first and second metal wire layers 2 and 4. 
In this case, the resin of the transparent layer 3 contacts 
the resin of the main layer 1 through the spaces 8 between 
metal wires 6, 6, so peeling of the first metal wire layer 
2 can be prevented. 

It is desirable that the metal wire layers 2 and 4 be 
located near to the grip area g along the length L of the golf 
shaft S. In this case, the metal wires 6 and 7 lie on the 
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larger diameter side along the length L of the golf shaft S 
(tapered) . In addition to the fact that the metal wires 6 and 
7 are aligned bias or obliquely, this contributes to an 
increase in the crushing strength of the shaft. Furthermore, 
the metal wire layers 2 and 4 are formed only on part of the 
shaft, which means that the weight of the shaft is smaller 
than when the metal wire layers 2 and 4 are formed all over 
the length L of the shaft. 

When the head H and grip G are attached to the golf shaft 

5 to make up a golf club C, the grip G may cover part of the 
metal wire layers 2 and 4; however, it is desirable that the 
metal wires 6 and 7 lie somewhere in the uncovered area between 
the head H and grip G so that the user can see them. If so 
arranged, the golf shaft S can have a higher strength and the 
user of the golf club C can easily recognize the metal wire 
layers which give him/her a sense of depth or produce a 
three-dimensional effect. 

Alternatively, the metal wire layers 2 and 4 may be 
located near to the head area h along the length L of the golf 
shaft S as shown in Fig. 14. In this case, the metal wires 

6 and 7 lie on the smaller diameter side along the length L 
of the golf shaft S (tapered) . In addition to the fact that 
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the metal wires 6 and 7 are aligned bias or obliquely, this 
contributes to an increase in the crushing strength and impact 
strength of the shaft. Furthermore, the metal wire layers 
2 and 4 are formed only on part of the shaft, which means that 
the weight of the shaft is smaller than when the metal wire 
layers 2 and 4 are formed all over the length L of the shaft. 

When the head H and grip G are attached to the golf shaft 
S to make up a golf club C, the head H may cover part of the 
metal wire layers 2 and 4; however, it is desirable that the 
metal wires 6 and 7 lie in the uncovered area between the head 
H and grip G so that the user can see them. If so arranged, 
the golf shaft S can have a higher strength and the user can 
easily recognize the metal wire layers which give him/her a 
sense of depth or a three-dimensional effect. 

When the metal wire layers 2 and 4 are located near to 
the grip area g along the length L of the golf shaft S as shown 
in Fig. 15, the flat metal wires in the metal wire layers may 
be aligned circumf erentially or perpendicularly to the axis 
of the main layer. In this case, the metal wires 6 lie in 
the circumferential direction, which contributes to an 
increase in the crushing strength of the shaft as in the case 
that the metal wires lie in the bias direction. 
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Figs. 16 and 17 show other examples of winding patterns 
of metal wires constituting metal wire layers , where the metal 
wire layers are located near to the head area h like the case 
shown in Fig. 14. Fig. 16 shows that the flat metal wires 
are aligned in the circumferential direction or 
perpendicularly to the axis of the main layer. Fig. 17 shows 
that the flat metal wires are aligned in parallel with the 
axis of the main layer. These cases ensure increased f lexural 
rigidity and bending strength. 

Next, the concrete process for forming the 
above-mentioned golf shaft will be explained. 

Fig. 4 illustrates an example of the process for forming 
the golf shaft S; here the steps of winding prepregs on a 
mandrel M using the sheet winding method are shown. 

This example assumes that a main prepreg PI used here 
is typically a carbon fiber prepreg. 

To meet the required characteristics, the main prepreg 
PI is selectable from among the following types: a prepreg 
(straight layer) whose fiber is in parallel with the axis 0 
of the mandrel M; a prepreg (hoop layer) whose fiber is 
perpendicular to the axis 0 of the mandrel M; and a prepreg 
(bias layer) whose fiber is oblique to the axis 0 of the mandrel 
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M. 

As illustrated here, first an auxiliary prepreg P2 is 
wound around the tapered mandrel M as necessary; then a bias 
prepreg (main prepreg Pi) whose fiber is oblique to the axis 

0 of the mandrel M is wound over it along the length of the 
mandrel. The auxiliary prepreg P2 and the bias prepreg (main 
prepreg PI) may be wound in the prescribed area of the mandrel 
M except the smaller diameter end area Al and the larger 
diameter end area A2 . 

The bias prepreg PI, which consists of two prepreg 
sheets opposite in fiber orientation, is wound by 4 to 8 plies. 
Then, though not shown, a straight prepreg whose fiber is in 
parallel with the axis 0 is wound all over it. 

Further, an auxiliary prepreg P2 for 
adjustment/alignment is wound over it at the tip side, where 
the orientation of the auxiliary prepreg fiber can be selected 
according to the purpose. 

The main layer 1 is formed in this way. 

Next, a first glass prepreg P3 is wound on the main layer 

1 at the larger diameter side. This first glass prepreg 3 
consists of titanium wires (metal wires 6) aligned bias which 
are bonded to a glass fiber prepreg Pg, as shown in Figs. 5A 
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and 5B; it is wound with the titanium wires 6 inside (on the 
main layer 1) . A first metal wire layer 2 and a transparent 
layer 3 are thus formed at a time. 

As mentioned above, the first glass prepreg P3 is wound 
on the main layer 1 at the larger diameter side; however, 
usually a grip is put so as to cover the larger diameter side 
end in the process of finishing a golf shaft S. 

If the metal wires 6 and 7 are wound on the grip area 
g, they are covered by the grip G and invisible, which not 
only makes them meaningless in producing an aesthetic effect 
on the shaft appearance but also increases the overall weight 
of the golf shaft S because they have to be wound on the largest 
diameter area. 

On the other hand, when the metal wires 6 and 7 are wound, 
their cut ends are exposed in the boundary between the ends 
and the underlying main layer 1, producing an unfavorable 
effect on the shaft appearance. 

In this sense , it is desirable that the ends of the metal 
wires 6 and 7 be covered by the grip which is later attached; 
preferably the first glass prepreg P3 should be wound 230 mm 
to 280 mm away from the larger diameter end of the main layer 
1. 
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Then a second glass prepreg P4 is wound on the first 
glass prepreg P3 . The second glass prepreg P4 consists of 
flat titanium wires 7 spaced and aligned bias which are bonded 
to a glass fiber prepreg Pg, as shown in Figs. 5A and 5B; it 
is wound with the flat titanium wires 7 inside . A second metal 
wire layer 4 and a protective layer 5 are thus formed at a 
time . 

Then, heat-shrinkable wrapping tape is wound on them 
before baking in a kiln . After baking , the mandrel M is pulled 
out and the shaft surface is ground and coated to finish the 
golf shaft S (not shown) . 

When the golf shaft S is formed in this way, the first 
metal wire layer 2 and the transparent layer 3, and the second 
metal wire layer 4 and the protective layer 5, are formed at 
a time, respectively. This improves the efficiency of the 
forming process and also enables production of a light golf 
shaft which features high crushing strength and torsion 
strength as well as an excellent design with a sense of depth. 

If the golf shaft S is formed as mentioned above, the 
difference in the outer diameter between the area of the metal 
wires 6 and 7 and the smaller diameter side area of the main 
layer 1 would be considerable. Also at the smaller diameter 
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side ends of the metal wire layers 2 and 4, the cut ends of 
the metal wires 6 and 7 are seriously exposed in the boundary 
between them and the underlying main layer 1 , producing an 
unfavorable effect on the shaft appearance. 

As shown in Fig. 6, one solution may be that after the 
second metal wire layer 4 and protective layer 5 are formed, 
an auxiliary prepreg P5 for external appearance made of carbon 
fiber is wound from the area of the metal wires 6 and 7 to 
the smaller diameter side of the main layer and after baking, 
the surface is ground. This compensates for the level 
difference between the metal wire layers 2 and 4 and the main 
layer 1 to smoothen the surface and covers the ends of the 
metal wires 6 and 7, resulting in an improvement in the 
external appearance. 

So far, an example of the process for forming the golf 
shaft S according to the present invention has been described; 
however, the invention is not limited thereto. 

For instance, it is also acceptable that, as 
illustrated in Fig. 7, the first glass prepreg (sheet) P3 
consists of titanium wires 6 between a carbon fiber prepreg 
Pc and a glass fiber prepreg Pg and is wound with the carbon 
fiber prepreg Pc inside or on the main layer 1 (glass fiber 
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prepreg outside) to form a first metal wire layer 2 and a 
transparent layer 3 . 

When the golf shaft S is thus formed, as shown in Fig. 
8, the carbon fiber prepreg Pc of the first glass prepreg P3 
is amalgamated with the main layer 1 to form a first metal 
wire layer 2 and a transparent layer 3 at a time. 

Another possible variation is shown in Fig. 9 in which 
the first glass prepreg P3 or the second glass prepreg P4 
consists of titanium wires 6 or flat titanium wires 7 aligned 
bias between two sheets of glass fiber prepreg Pg, Pg. 

When the golf shaft S is thus formed, as shown in Fig. 
10, a first metal wire layer 2 and a transparent layer 3 or 
a second metal wire layer 4 and a protective layer 5 are formed 
at a time. Part of the main layer 1 and the transparent layer 
3 or the transparent layer 3 and the protective layer 5 are 
amalgamated and made to adhere to each other more closely, 
thereby preventing interlayer peeling. 

When the first glass prepreg P3 or the second glass 
prepreg (glass sheet) P4 is thus structured and wound on the 
main layer 1 or the transparent layer 3, metal wires 6 or flat 
metal wires 7, which are more elastic than carbon fiber or 
glass fiber and less easy to wind, can be wound more easily. 
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It is also acceptable that the first glass prepreg P3 
and the second glass prepreg P4 have the same structure having 
metal wires between two sheets of glass fiber prepreg and one 
of them is turned inside out to make the metal wire layers 
oriented in opposite directions. Therefore, because the 
same sheet material can be used, the material cost can be 
reduced. 

Furthermore, all metal wires need not be evenly spaced; 
as shown in Fig. 12, the metal wires 6 and 7 may be spaced 
in a specific pattern . Thus , a variety of metal wire patterns 
can be created. Alternatively, as shown in Fig. 13, glass 
fiber prepregs which each have aligned metal wires (flat metal 
wires) 6 and 7 may be oriented in three directions: bias, 
counter-bias and straight. In this case, the metal wires 

(flat metal wires) 6 and 7 are aligned straight or in parallel 
with the shaft axis so that the bending strength is improved 
and vibration is easily conveyed. As a result, a golf club 
which provides a better feel of shot can be realized. 

The embodiments so far explained assume that the main 
layer 1 is formed from a sheet of prepreg made of high-strength 
high-elasticity fiber (carbon fiber) hardened with resin 

(sheet winding method) ; however, the invention is not limited 
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to the above-mentioned embodiments . For instance , as shown 
in Fig. 11, the main layer 1 may be formed by winding 
resin-impregnated filament F on the mandrel M (filament 
winding method) . 

In the above-mentioned golf shaft forming process, 
after winding the forming material (prepreg, filament, etc) 
on the mandrel M and baking, the surface of the formed shaft 
is ground to remove traces of tape wrapping and achieve the 
required flexural rigidity. Concretely, at the initial 
designing stage, a margin to scrape is designed in the 
dimensions of the shaft (flexural rigidity is set higher than 
the intended level) and the fiber on the surface is scraped 
in order to remove traces of tape wrapping and achieve the 
design flexural rigidity. 

In this grinding process, even when the same amount of 
fiber is scraped, the decrease in its flexural rigidity caused 
by scraping is larger as the elasticity of the fiber is higher, 
conversely speaking, as the elasticity of the fiber is lower, 
the decrease in the flexural rigidity caused by scraping is 
smaller . 

The present invention takes advantage of this fact. In 
other words, the invention effectively utilizes rigidity 
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variation as caused by grinding in order to control flexural 
rigidity distribution partially. 

Specifically, a prepreg made of low-elasticity fiber 
(low-elasticity prepreg) is partially disposed on the surface 
of the shaft being formed and the whole surface of the shaft 
is ground uniformly (namely the depth of scraping from the 
surface is virtually constant) ; by doing so, after grinding, 
the flexural rigidity of the area covered by the prepreg of 
low-elasticity fiber is higher than the other areas . In short , 
the same effect as when reinforcement is made by an expensive 
prepreg of high-elasticity fiber (flexural rigidity is 
increased) can be obtained. 

Low-elasticity prepregs as mentioned above include 
glass fiber prepregs and low-elasticity carbon fiber prepregs . 
Especially, the elasticity of glass fiber prepregs is one 
third of that of typical carbon fibers; still more, if a cloth 
woven in a lattice pattern is used, the elasticity difference 
is larger; as a result, the effect of rigidity variation as 
stated above can be fully demonstrated. 

In addition, when the above-said metal wires are 
disposed under the above-said low-elasticity glass fiber 
prepreg, textural features of the metal wires such as metallic 
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gloss can be seen through the glass fiber prepreg, producing 
a certain visual effect. 

Taking the forming process as shown in Fig. 4 by example, 
the first glass prepreg P3 is wound at the larger diameter 
side on the main layer 1, which consists of a bias prepreg 
(main prepreg PI) as a carbon fiber prepreg and a straight 
prepreg, and the second glass prepreg P4 is further wound on 
the first glass prepreg P3 . The first glass prepreg P3 , which 
consists of obliguely aligned titanium wires 6 (metal wires) 
which are bonded to a glass fiber prepreg Pg, is wound with 
the titanium wires 6 inside (on the main layer 1) . Like the 
first glass prepreg P3 , the second glass prepreg P4 consists 
of obliquely aligned flat titanium wires 7 (metal wires) which 
are bonded to a glass fiber prepreg Pg; it is wound with the 
flat titanium wires 7 inside (on the glass fiber prepreg Pg 
side of the first glass prepreg P3) . 

As a consequence, a layer of titanium wires 6 and a layer 
of flat titanium wires 7 lie one upon another at the larger 
diameter side on the main layer 1 made of carbon fiber prepreg 
and a glass fiber prepreg Pg is laid over the metal wires (flat 
titanium wires) . Therefore, wrapping tape is wound over the 
area from the surface of the main layer 1 at the smaller 
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diameter side to the glass fiber prepreg Pg of the second glass 
prepreg P4 at the larger diameter side. 

When, in the grinding process after baking, the surface 
of the formed shaft is evenly scraped along its length with 
such a depth as to remove the traces of tape wrapping (the 
dash and dotted line represents the scraping depth) as shown 
in Fig. 18, the high-elasticity carbon fiber is scraped in 
the area where the main layer 1 is exposed, while, in the larger 
diameter side area where the second glass prepreg P4 is wound, 
the low-elasticity glass fiber prepreg Pg on the surface is 
scraped leaving the flat titanium wires 7 (metal wires) 
intact . 

Consequently, the flexural rigidity of the larger 
diameter side area covered with low-elasticity prepreg 
(second glass prepreg P4) is higher than that of the other 
areas. The underlying titanium wires 6 and flat titanium 
wires 7 can be seen through the glass prepreg, enhancing an 
aesthetic design effect. 

In short, the above forming method meets both a 
functional need and a visual need: the former is the need to 
control the flexural rigidity and the latter is the need to 
add a certain textural expression such as metallic gloss; a 
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combination of such functional and visual features produces 
a favorable synergistic effect never achieved. 

Also, since flat metal wires are used, the thickness 
of the glass/metal prepreg can be decreased and thus a texture 
with a more metallic touch can be created; at the same time 
the amount of metal or synthetic resin used can be reduced, 
contributing to a decrease in the overall weight. 

As can be understood from the explanation made so far, 
according to the present invention, it is possible to 
effectively and easily produce a golf shaft which features 
lightness, high crushing strength and high torsion strength 
with no interlayer peeling, as well as an excellent aesthetic 
design with a three-dimensional effect which gives the user 
a sense of depth. 

Also, it is possible to provide a golf shaft and a golf 
club which feature lightness , high crushing strength and high 
torsion strength with no interlayer peeling, as well as an 
excellent aesthetic design with a three-dimensional effect 
which gives the user a sense of depth. 

By using low-elasticity fiber on the outermost surface 
of the shaft, flexural rigidity distribution of the shaft can 
be varied and the stability of the shaft strength can be 
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increased . 

Having described specific preferred embodiments of the 
invention with reference to the accompanying drawings, it 
will be appreciated that the present invention is not limited 
to those precise embodiments, and that various changes and 
modifications can be effected therein by one of ordinary skill 
in the art without departing from the scope of the invention 
as defined by the appended claims . 
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